To investigate the characteristic food intake during early pregnancy in women with gestational diabetes mellitus (GDM) in a rural city in Aomori Prefecture, Japan, one hundred and twenty-one women were recruited and queried about their habitual dietary intake. Food intake of patients was assessed using the model nutritional balance chart at 12 -16, 24 -28, and 34 -36 weeks of gestation. Of the 121 pregnant women examined, 19 were obese. During early pregnancy, food intake ratios of the obese women were significantly lower than those of the non-obese women for the categories of milk (p < 0.001) and sugar (p < 0.05). GDM group was 7 women among 19 women in obesity group during mid-pregnancy. During early pregnancy, women with GDM had significantly higher sugar intake ratios than women without GDM (p < 0.05). These results suggested that obese pregnant women are able to prevent GDM by limiting their sugar intake during early pregnancy.
Introduction
Diabetes mellitus (DM) is an escalating epidemic worldwide [1] . According to the World Health Organization, the number of DM cases is projected to rise by >50% by the year 2020, if urgent interventions are followed to reverse this trend [2] . Gestational DM (GDM), a common pregnancy complication defined as glucose intolerance with onset or first recognition during pregnancy, is related to a substantially increased subsequent risk of metabolic syndrome, type 2 DM, and pregnant complications [3] . By tracking reports on DM, it appears that approximately 40% of women with GDM develop DM 20 years later [4] [5] [6] .
The new worldwide GDM standard was announced by the International Association of Diabetes and Pregnancy Study Groups in 2010 [7] . The Japan Diabetes Society adopted the new standards in July 2010 [8] . In the present study, we investigated food intake characteristics of women with GDM using model nutritional balance chart (MNBC) [9] .
Methods
The setting was a rural city in Aomori Prefecture, northern Japan, (population, 177,000; number of births from April 2015 to January 2016, 1140) where pregnant women were evaluated during 12 -16 weeks of pregnancy (hereafter called early pregnancy) at two different obstetric clinics. A pregnant woman was considered obese when her body mass index (BMI) exceeded 25 kg/m 2 ; those with BMI < 25 kg/m 2 were considered non-obese before pregnancy. We defined obesity according to the cutoff values established by the Japan Society for the Study of Obesity. All pregnant women received a 75-g oral glucose tolerance test (OGTT) to diagnose GDM at 24 -28 weeks after pregnancy (hereafter called mid-pregnancy). The Japan Society Obstetrics and Gynecologycriteria for the diagnosis of GDM using OGTT are as follows: fasting glucose of 92 mg/dL, 1-h 180 mg/dL, and 2-h 153 mg/dL. We identified women with one or more plasma concentrations that met or exceeded these thresholds as having GDM.
Pregnant women who agreed to participate in the study completed self-reported questionnaires. Among 138 subjects, 17 refused to participate in the study. One hundred and twenty-one subjects aged 31 ± 5 years completed the questionnaires during early pregnancy, and these subjects were prospectively followed up during mid-and late pregnancy (34 -36 weeks after pregnancy we asked each subject in the GDM and non-GDM groups to report their age, family history of DM, weight, and physical activity (at least twice per week).
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Food intake was assessed using MNBC [9] .
MNBC was described previously and briefly introduced here. NMBC was designed to outline a 6697-kj intake according to the recommendations of the Ministry of Health, Labor and Welfare [10] . MNBC demonstrates the ideal die- The intervention method consisted of three steps performed. 1) The investigator mailed the meal chart to the subjects. The meal chart consisted of columns for breakfast, lunch, dinner, and snacks between meals. The meal chart was to be filled out for 3 days of the last week of each month; subjects were instructed to record the name of each food eaten on the meal chart; 2) subjects completed a meal chart based on a 24-h recall and mailed it to the investigators; 3) the investigators placed black dots on the Computerized MNBC according to the content of the meal chart. Each time any food was consumed, one black dot was placed on the nutritional balance chart in the corresponding section. We compared the distribution of foods for each menu plan to the foods that were eaten. Foods cooked at home, as well as those that were commercially available, and prepared food were converted from the food exchange list published by the Japan Diabetes Society [11] . The nutritional balance chart was mailed to the subjects within 1 week after receiving the meal chart. The above steps were followed three times in early, mid-, and late pregnancies.
We calculated the nutritional balance as follows: [food intake ratio = the actual food intake (black dots)/the ideal food intake following the MNBC (black dots)]. Thus, an ideal nutritional balance, based on the MNBC, was "1".
The study protocol adhered to the recommendations of the Declaration of Helsinki [12] . Verbal informed consent was obtained, and subjects' anonymity was preserved using a coding system. Ethical approval was obtained from the Ethical Committee of Hirosaki University of Health and Welfare, Japan. The statistical difference of the sociopsychological state between subjects in the obesity and non-obesity groups were calculated using a chi-squared test. Among obese subjects, statistical differences between the GDM and non-GDM group were calculated using the chi-squared test. The two-sided Mann-Whitney's U test was used to determine significant differences in the food intake ratio in early, mid-, and late pregnancies. In all items, statistical significance was considered for p-values < 0.05.
Results
Of the 121 pregnant women, 19 were classified as obese during early pregnancy.
The average pre-pregnancy BMI of obese subjects was 28.8 ± 3.7 kg/m 2 (range:
25.1 -39.7) and the average BMI of non-obese subjects was 20.9 ± 1.5 kg/m 2 (range: 16.0 -24.0). Subjects' socio-psychological states are shown in Table 1 .
Husbands' obesity and the degree to which subjects cared about nutritional balance were significantly different between obese and non-obese subjects (p < 0.05). During early pregnancy, milk (p < 0.001) and sugar (p < 0.05) intake ratios of obese subjects were significantly lower than those of non-obese subjects (Table 2 ). Of the 101 pregnant women, 19 were classified as obese during mid-pregnancy. During mid-pregnancy, grain (p < 0.05), meat (p < 0.01), milk (p < 0.001), oil (p < 0.05) and sugar (p < 0.05) intake ratios of obese subjects were significantly lower than those of non-obese subjects (Table 2 ). Of the 93 pregnant women, 15 were classified as obese during late pregnancy. During late pregnancy, only milk (p < 0.05) intake ratios of obese subjects were significantly lower than those of non-obese subjects (Table 2) .
GDM group were 7 women among 19 women in obesity group during mid-pregnancy. During early pregnancy, obese subjects with GDM had significantly higher sugar intake ratios than those who did not have GDM (p < 0.05) (Table 3) .
During mid-pregnancy, there were no significant differences between subjects with and without GDM regarding family history (42% versus 25%) and exercise habits (0% versus 9%). On comparing weight gain during early and mid-pregnancy, there were no between-group differences.
All women with GDM were hospitalized during mid-pregnancy and received a hospital diet. There were no significant differences in food intake ratios between subjects with and without GDM during mid-pregnancy (Table 3) .
GDM group was 7 women among 15 women in obesity group during late pregnancy. There was no significant difference in food intake ratios between subjects with and without GDM during late pregnancy (Table 3 ).
Discussion
In this study, sugar intake ratios of 2.0 ± 1.2 (obese subjects) versus 2.8 ± 1.4
(non-obese subjects) indicated significantly higher sugar intake for non-obese subjects during early pregnancy. Reportedly, women with nausea and vomiting during pregnancy may have higher carbohydrates and added sugar intake [13] .
In this study, obese subjects, aware of their diagnosis of obesity at study onset, may have refrained from excessive sugar intake.
There are many factors that can affect GDM. Age [14] , pre-pregnancy BMI [15] , family history of DM [16] , weight gain during pregnancy [17] , exercise habits [18] , and nutritional habits [19] [20] [21] are all related to GDM. In this study, all subjects who developed GDM were obese. On the other hand, there were no significant differences between subjects with GDM and without GDM A. Satoh et al. Table 2 . Difference of food intake ratio between obesity and non-obesity group from early to late pregnancy. in family histories of DM, exercise habits, and weight gain from early to mid-pregnancy. After MNBC analysis, sugar emerged as the factor wherein intake ratios during early pregnancy significantly differed between obese and non-obese subjects (p < 0.05). Sugar intake ratios were significantly higher in subjects with GDM compared than in those without GDM (p < 0.05). In this study, we considered that food intake conditions affect GDM and that greater sugar intake during early pregnancy may contribute to GDM onset.
Sugar-sweetened beverages are associated with an increased risk of DM [22] , but sugar does not trigger DM [23] . The pathological condition of GDM is attributable to reduced insulin secretion secondary to reduced pancreatic beta cell function during pregnancy. Therefore, even if there is obesity, GDM does not occur if insulin secretion is good; GDM occurs if insulin secretion is lowered. In this study, obese pregnant women who ingested sugar more frequently during early pregnancy had increased incidence of GDM. Excessive sugar intake may have burdened insulin secretion from the pancreas. These results suggested that obese pregnant women are able to prevent GDM by limiting sugar intake during early pregnancy.
There are several limitations in the present study. First, a small number of subjects might lead to false-positive conclusion. The subjects choosing to A. Satoh et al. Health ported that low concentrations of adiponectin were associated with GDM in all BMI groups [24] . Finally, the participants were responsible for reporting their own food intake by category but not by the amount of food. Women with higher BMI tend to under-report intake of all foods and nutrients [25] . It is possible that subjects with higher BMI may preferentially under-report certain foods or nutrients (e.g. junk foods), which introduces a source of confounding that is difficult to account for food intake. However, health control during pregnancy is an important concern for midwives and nurses [26] , and it is important for managing the health of pregnant women. Our method is a simple way to visually educate the pregnant women regarding good nutrition habit.
Obese pregnant women should receive nutritional advice from midwives or nurses during early pregnancy and throughout gestation using MNBC. Additionally, at-risk women should frequently monitor their food intake.
